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OBJECT

To determine the effect of fuel and
oxidant particle size on the performance
characteristics of 60/40 potassium
perchlorate/aluminum flash composition.

SUMMARY

Sub-sieve potassium perchlorate and
atomized aluminum powders, commercially
classified into fine, medium and coarse
fractions, were blended in 60/40 potassium
~crchlorate/aluminum compositions,
loaded into plastic Titan cartridge cases,
and tested for luminosity characteristics
at sea level and a simulated altitude
of £0,000 feet.

Those systems containing fine (0-12
micron), medium (0-23 micron), and
coarse (6-85 micron) potassium perchlorate
together with fine aluminum (0- 17 micron)
were the only systems which emitted
enough light for pyrotechnic applications.
Maintaining the zluminum particle size
constant (fine fraction) and decreasing
the oxidant particle size increased ef-
ficiency (candleseconds/gram) at both
sea level and 80,000 feet. In general,
the peak and integral light varied simi-
larly at high altitude. At sea level, how-
ever, the composition with the coarse
oxidant fraction produced the highest
peak and integral light. This finding was
attributed to the greater tapped deasity
of the coarse oxidant fraction, resulting
in substantially greater sample weight
in the Titan cartridge.

It was concluded that, independent
of potassium perchlorate size range, use
of medium (8.4-40 micron) or coarse (24~
62 micron) aluminum degrades the light
output to below useable levels. For the
particle size ranges coansidered, use of
a fine aluminum fraction is necessary
for high order performance.

INTRODUCTION

It has long been known that average
particle size and particle size range of
ingredients are important parameters in
determining the luminosity characteristics
of pyrotechnic flash compositions. Un-
fortunately, since the fuels and oxidants
normally used in such compositions are
essentially in the sub-sieve range, and -
since until quite recently no adequate
methods were available for classifying
these materials into narrow particle size
ranges, no definitive study of these
parimeters was possible.

Among the methods evaluated for
separating sub-sieve aluminum and
potassium perchlorate into narrow particle
size ranges were the Haultain Infrasizer
(Ref 1), the Bahco Centrifugal Eluuiator?,
the Majac Model L. Air Classifier’ and the

*H. ¥. Dietent Co,, Deuroit, Mickigan.

*Majac, Inc, Sharpsbueg, Pittsburgh, Peacsyle
vania,
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Buckbee Mears Micromesh Sieves'. Whi'e
a detailed description of these trial
classifications is beyond the scope of
this report, it can be generally stated
that although considerable enrichment

of fractions could be obtained utilizing

several of the abeve techniques, the
isolation of “‘clean-cut” fractions show-
ing litele or no particle size overlap was
not found to be possible within the sub-
sleve range.

The final and most successful clas-
sification technique employed involved
the use of the Alpine American Mikroplex
Spiral Air Classifier®. This instrament
separates a powder of mixed partic.e
size into two fractions above and below
a determined particle size. The separa-
tion is effected in a flat, cylindrical
classifying chamber throngh which air

X

1 flows inward in a spiral path. Any particle
carried by this air stream has a centri-
fugal and a frictian drag force imposed

3 upon it that essentially act in opposite

directions. Thus, for particles of greater
mass, the predominant force is centrifugal
4 and the particles tend to move tangentially
away from the air stream. For pacticles

of small mass, the friction dray force

predominates, causing a radial move-

. ment toward the center of the classifying
chamber and the fine particle outlet
jocated theie. Changes in the magnitude
of the forces applied to the particles en-
trained in the air stream are made by
varying the spiral curvatese through a

$Buckbee Nears Co., St. Puul, Minnesota.

IAlpine American “omp., Sazonville, Massa-
chusertts.

vane assembly, thus changing the particle
size range at which separation occurs.

The system chosen for particle size
evaluation was a 60/40 potassium
perchlorate/aluminum composition, ia
common use in many pyrotechnic flash
items. The aluminum used was spherical
atomized material, prepared and classified
by the Valley Metallurgical Processing
Company, Inc., Essex, Connecticut, usiog
the Alpine American Mikroplex Spiral Air
Classifier, The potassium perchlorate
used was specification grade (PA-PD-
254) material which was classified by
the Alpine American Corporation using
the above equipment.

Luminosity tests were conducted at
sea level and at a simulated altitude of
80,000 feet. The test vehicle employed
was a Titan flash canridge fabricated of
cotton-flock-filled, nitrile-rubber-
modified phenolic resin (GE 12808) (Fig
6, p 22).

The particle size'characteristics of
the fine, medium, and coarse aluminum
and potassium perchlorate fractions used
were determined (Table 1, p 8) by an
air permeability method, the Fisher Sub-
Sieve Sizer (Ref 2), a sedimentation
method based upon Stokes' Law dealing
with fall in air (Ref 3), and microscopic
examination. A 90% range figure was
used for reporting microscopic and sedi-
mentation particle size ranges. This

was done by cutting 5% olf both tails of
each distribution curve,
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RESULTS

The particle size characteristics of
the fine, medium, and coarse aluminum
and potassium perchlorate fractions are
detailed in Table 1 (p 8).

Average values for the burning param-
erers obtained at sea level and at 80,000
feet in the Pyrotechnics Laboratory high
altitude chamber are compiled in Table 2
(p 9), together with th average weight
of composition loaded into the Titan
cartridges fo1 each blend. The individual
results which were used to obtain the
average values. in Table 2 are listed in

Table 3 (p 16).

Table 4 (p 13) inzludes tapped density
values obtained with the aluminum and
potassium perchlorate fractions used in
this study. These values were obtained
using the Pyrotechnics Laboratory Tapped
Density Appatatus (Ref 4). Table 5 (p
14) detail s the zapped densities of the
blended frections evaluated in this study.

The variations of time to peak light
(Fig 1, p 17), peak light (Fig 2, p 18),
integral light (Fig 3, p 19), duration of
light emission (Fig 4, p 20), and efficiency
(Fig 5, p 21) are plotted versus potassium
perchlorate average particle size, keeping
the aluminum average particle size con-
stant at 5.0 microns.

Figures 7, 8, and 9 (pp 23, 24, and
25) are typical time-intensity curves
for the various mixtures at both sea level
and a simulated alticude of 80,000 feet.

DISCUSSION OF RESULTS

Light emission varied as the particle
size of either ingredient in the G0/40
potassium perchiorate/aleminum compo- -
sition was changed. Aa increase in the
patticle size range of aluminum from 0 -
17.0 microns (fine) to 8.4 - 40.0 microns
(medium) or 24.0 - 62.0 microns {coarse)
caused a drastic decline in peak intensity,
integral light, and efficiency at both sc~a
level and 80,000 feet, regardless of which
size potassium perchlorate was used
(Table 2), Mixtures containing medium
or coarse aluminum fractions produced,
at best, extremely poor light emission,
and at worst, non-ignition or erratic
burning.

Total flash duration declined a minimum
of 50% when aluminum fractions other
than fine were used (Table 2). Mivtures
containing fine aluminum fractions yielded
longer times to peak light under sea level
conditions (more than 0.8 millisecond;

Fig 1), while all other mixtures, including
those containing the fine aluminum
fraction at 83,000 feet, gave shorter
times to peak light (less than 0.8 milli-
second).

It was apparent that only 60/40
potassium perchlorate/aluminum compo-
sitions containing a fine (0 - 17 microns)
aluminum fraction produced sufficient
light for practical end-item application,
The medium and coarse aluminum fractions
in comnbination with potassium perchlorate
did not produce sufficient light to be con- )
sidered for end-item use. This is probably A
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due to the bursting of the plastic
cartridge case before sufficient fuel
could be vaporized. The stoichiometric
reaction between potassium p.icHlorate
and 2luminum (65.8% potassium perchlo-
rate +34.2% aluminum) furnishes suffi-
cient heat (2538 cal/g) to vaporize the
remaining aluminum in the §0/40 compo-
sition (Tables 6 and 7, pp 15 and 16).
However, the effect of aluminum particle
size on the rate of this vaporization is
not known. It is reasonable to assume
that finer particles will vaporize more
rapidly than largee particles, and this
may well explain why little light is pro-
diced with medium and coarse aluminum
fractions. The fact that some light was
emitted from these systems perhaps in-
dicates that some of the finer particles
were vaporized and reacted. The above
mechanism occurs before the case bursts.

Luminous efficiency (candleseconds/
gram} at both sea level and high altitude
ircreased as the particle sizerange of the
potassium perchlorate decreased whenthe
fine aluminum fraction was used as fuel,
This increase in efficiency (1/10 max) was
more pronounced at 80,000 feet than at
sea level (Fig 5, p 21). The integral
and peak light intensities varied sim-
tlarly to the efficiencies at §0,000 feer,
but an opposite trend was noted under
sea level conditions when the coarse
potassium perchlorate fraction was used

(Figs 2, 3, pp 18, 19).

No explanation couldhe established for
variaticn of flash duration with potassium
petchlorate particle size at either high
altitude or sea level (Fig 4, p 20).

Identical average times to peak light
were obtained at 80,000 feet for systems
containing the fine fuel fraction with fine,
medium, and coarse oxidant fractions
(Fig 1, p 17). At sea level, however, ihe .
identica® systems showed increasing :
times to peak light with increasing
oxidant size.

The phenomenon that fine/coarse fuel/
oxidant fractions should produce greater
integral and peak light intensities and a
lower overall efficiency at sea level
than fine/fine or fine/medium furl/
oxidant mixtures was due to the fact that
a far greater weight of composit‘on con-

PR g

taining coarse oxidant could be loaded
into the Titan cartridge case than could ‘
one containing fine or medium oxidans.

Compositions containing coarze oxidant

were found to have a far greater tapped . :
density than compesitions containing the
fine oxidant (Tatle 5, p 14). That the
coarse oxidant fraction should pack more
densely than cither the fine or medium
fractions is an anomaly due probably to
the observed phenomenon rhat bulkiness
increases with decreasing particle size
(Ref 5). This may be the result of the
buildup of static electrical charges on

the fine particles, which would effectively
prevent close packing, and encourage
agglomeration in smal! loosely packed
clumps. This clumping effect can be seen
with potassium perchlorate and to a
lesser extent with aluminum below a

presently unknown particle size threshold R
value (Table 4, p 13), ;}
The time-intensity curves shown in ,
Figures 7, 8, and 9 (pp 23, 24, and 25) .t
3
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were the most representative curves
obtained from each group tested at both
sea level and the 80,000-foot simulated
altitude. The areas under each curve
represent the incegral light emitted by

the system. No direct comparison of areas
can be made, however, without the various
calibration factors which were used in
the testing. A direct comparison of the
burning duration can be made, since the
millisecond markers on the upper hori-
zontal axis used to time the durations
were kept constant throughout the testing.
Short burning durations (lower halves of
Figs 7, 8, and 9, pp 23, 24, and 25), as
indicated by a prompt re arn to the lower
horizontal axis, indicate poor light
emission. Conversely, longer burning
durations (upper halves of Figs 7, 8, and
9) indicate greater luminosity.

CONCLUSIONS

1. Optimum luminous efficiencies are
obtained at both sea level and 80,000
fect with 60/40 potassium perchlorate/
aluminum compositions containing a fine
(0-17 micron) aluminum fraction. A change
to medium {8.4- 40 micron) or coarse (24-
62 micron) aluminum fractions degrades
the light output to below useable levels,
regardless of oxidant particle size.

2. Maintaining the aluminum particle -
size constant (0- 17 micron) and de-
creasing the oxidant particle size pro--
duces a trend toward increasing luminous
efficiencies at both sea level and high
altitude,

3, Because of a marked increase in
tapped density of the coarse potassium

o e .
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perchlorate fraction (6- 85 micren), com-
positions containing this fraction in com-

bination with fine aluminum yield maxi-
mum peak intensity and integral light
values at sea level.

4. It is concluded that, for the particle
size ranges considered, the particle size
range of the aluminum fraction is the
controlling factor in determining compo-
sition luminous efficiency. In addition, it
is apparent that a fine aluminum fracticn
must be included ii any flash system
containing this fuel in order to obtain
sufficient light tor end-item application.

5. Finally, it is apparent that the
€0/40 potassium perchlorate/aluminum
flash composition can be specifically
formulated to yield optimum peak in-
tensities, time to peak intensities or
burning durations, etc., by means of a
judicious selectidn of fucl and/or oxidant
particle size ranges. However, if must
be realized that no one particle size
range system will yield across-the-board
optimum operational characteristics.
Thus, in order to optimize any one
luminosity characteristic, it is gencrally
necessary to sacrifice periormarce of
other characteristics.

EXPERIMENTAL PROCTDUR ES

Topped Densities

The apparatus used for determining
tne apparent density of the powdered
matetials used in this study is composed
of a motor-driven revolving cam assembly,
an automatic timer, and a sample assembly :
consisting of a graduated cylinder and a
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cylinder holder (Ref 4). A clean, dry
graduated cylinder is weighed to 0.1
gram on a trip balance. The graduated
cylinder is filled to the 50 cc level with
the sample. The cylinder is reweighed

to determine the sample weight, stoppered
and taped to prevent powder from escaping,
and inserted into the apparatus. The ap-
paratus is turned on for 10 minutes by
means of ar awtomatic timer, This causes
the cam to revolve at a constant rate of
about €0 revolutions per minute, raising
the graduated cylinder and simultaneously
turniang it part way around before dropping
it. This repeated lifting and dropping

jars the sample and causes closer pack-
ing of the particles. At the end of 10
minutes, the timer automatically breaks
the circuit. The volume of the sample in
the graduated cylinder is recorded, and
the tgpped density is calculated by
dividing the weight of sample in the
cylinder by this volume.

Blending and Loading

All 60/40 pctassium perchlorate/
aluminum compositions were blended in
accordance with Pyrotechnics Labora-
tory Sequence of Operations P.A.C.U.
No. 5 (September 1957). The compo-
sitions were loaded inzo Titan flash
cartridges in accordance with Loading
Branch Sequence of Operations T1034-
5-26. Each Titan cartridge contained
145 mg of lead azide and 35 mg of lead
styphnate in the relay charge. No delay
charge was used. The relay cup was
secured to the cartridge with Duco
cement, while an epoxy resin was used
to .. al the cover to the cartridge body
(Fig 6, p 22).

i
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Testing

The loaded cartridges were tested in
the Pyrotechnics Laboratory high-
altitude tank, which was evacuated to a
20.8 mm pressure, simulating an aititude
of £0,000 feet. Each cartridge was sus-
pended in a horizontal position at the
center of the 15-fcot-diameter portion of
the tank by taping them to a J-inch-
diameter vertical steel rod. The end of
the cartridge containing the relay assem-
bly was faced away (180 degrees) from
tae photocell. The lead azide/iead
styphnate relay charge was detonated
directly by a 90/10 barium chromate/
boron squib. This relay charge, in turn,
initiated the flash charge, which ruptured
the case, and emitted light. A photocell-
oscilloscope combination was used to
pick up the light.

Materials
The following materials were used:

Atomized aluminum, spherical,

Valley Metallurgical Processing Co.,

Inc., particle size of fractions as given

in Table 1 (p 8). -
Potassium perchlorate, Specification

PA-PD-254, I. M. Sobin Co., average

: particle diamecer, 24 microns; particle
size of fractions as given in Table 1.

Titan charge case loading assembly,
Drawing CXP- 107583, dated 5 February
1959 (Fig 6, p 22), except that the case
and cover are fabricated of cotton-
flock-filled, aitrile-rubber-modificd
phenolic resin  (SE 12808).
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TABLE 4

Topped density of aluminum and potassium perchlorate fractions

Particle Size
90% Porticle Sixe

Size Range, microns Average, microns Tapped Density,

Ingrediant Code (Microscopic Tount) (Fisher Sub-Sieve Sizer) g/ce
Aluminum F 0-17.0 5 138
M 8.4-40.0 14 L63
C 24.0-62.0 39 1.68

Potassium
Perchlorate F 0-12,0 3 1,00
M 0-23.0 11 112
C 6.0-85.0 24 1.52
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Tapped deasity of 60/40 potassium perch
containing specified parti

Potassium Perchlorate P

criicle Size

TABLES

lorate/aluminum compositions
‘v size fractions

Aluminum Particle Size

90% Particle Size Average, 90% Particle Size Average,
Range, microns microns Ronge, microns wizrons Togped
Size (Microscopic {Fisher Sub- Size (Microscoplc {Fisher Sub- Density,
Code Count) Sieve Slzer) Code Count) Sieve Sisor) g/ce
¥ 0-12.0 3.0 F 0-17.0 5.0 0.85
M 0-23.9 11.0 F 0-17.0 5.0 1.23
C 6.0-85.0 24.0 F 0-17.0 5.0 1.56
F ¢-12.0 3.0 C 24.0-62.0 39.0 0.98
M 0-23.0 11.0 M 8.4-40.0 14.0 1.34
(o 6.0-85.0 24.0 C 24.0-62.0 39.0 1.62
U
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TABLE 6

Pytotechnics Laboratory thermochemical calcuiation sheet

Ingradients E3 Mol We AHG298°K AF298°K
Aluminum (s) 34.2 26.97 0 0
Potassium perchlorate (s) 65.8 138.55 103.6 7.2;7
Products
ALQ, (s) -~ 64.6 101.94 400.2 3780
KCl (s) 35.4 74.56 104.2 97.7

Reaction: 8 Al + 3KClO, ~» 4 ALQ, + 3 KC1
Stoich: 8 (27) + 3 (138.6) » 4 (101.94) + 3 (74.56)
AHp  8(0)+ 3 (103.6) » 4 (400.2) + 3 (104.2)
AHp  8(0)+ 3 (72.7)» 4 (378.0) + 3 (97.7)

Reactants, wt, g 631.8 Theoretical density, g/ml (calc)

2,57

AH,, Keal, (cale) 1602.6 - AHy, cal/g {calc) 2538.0 AHy, cal/ml (calc) 6515

AF,, Kcal, (calc) 1587.0  AF,, cal/g (calc) 2507.0  AF,, cal/ml (calc) 6443

Adiabatic temperature, °K (calc) 3800

Equivalents:

1g Al = 1.576 3 KCIO, = 7410 ceV/g
1 g KClO, = 0.520 g Al = 3852 cal/g

Theazetical maximun compositiea | Al = 55.5% KClO, = 44.5%

-

Ref: JANAF laterim Thesnochemical Tauble
Dow Chemical Go,, Midland, Michigan Checked:

I5

v

e
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Gas volume at 298°K, liters 0

S. M. Xaye

No. 101

Density
g/ml

2,70
2,524

4.00
1.99

Cemputed: G. Weingarten
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Pyrotechnics Laboratory thermochenicol co

TABLE7

{ngredients % Mol Wt
Aluminum (s) 40 26.97
Potassiun perchlorate (s) & 138.55
Products
ALO, (3) sg.1 10194
KCH(») 32.0 74.56
Al (s} 9.2 26.98

Reaction: .0148 Al + .0043 KClO, » .0057 Al,0,
Stoich: (-0148) (27) ¢ .0043 (138.55)

Mols

0148
0043

L0057
.0043
0034

AH
f298°K

0
103.6

400.2
104.2
0

+.0043 KC1 + .0034 Al
.0057 (101.94) + .0043 (74.56) + .0034 27

lcrlation sheet

No. 100

Density
AF298°K g/mt

0 2.70

72.7 2.524
378.0 4.00
97.7 1.99
o 2,70

AHR 0148 (0) + .0043 (103.6) ~ .0057 (400.2) + .0043 (104.2) + .0034 (®)

Reaczants, Wt 3» 1.00

Alg, Keal {calc) 2.2837

Adiabatic temperature, °K (calc) 3800

Equivalents:

1 g Al - 1.5 KCIO, = 5710 cal
1 g KCIO, = 0.667 g Al = 3810 cal

Theoretical densicy, g/ml (calc)
AH‘, cal/g (calc) 2284

Ref: JANAF laterim Thermochemical Table
Dow Chemical Co., \idland, Michigan

16

2.624

AH‘. cal/nd (calc) 6000

Gas volume az 298°K, liters 0

Computed: G. Weingarten
Checked: S. M. Kaye

o

T Y T T T TR e L
.

TR

- FRINEP I

ey ¥ I RO .




B S WK e % e

PN

o
1
. b
. .,Ww
(suo1d1w O°¢ :9z1s I[>1wed wnuiumpe 28e3sae) suonsodwod b
. - mwn n
emorwne /aer0[ya3ad unisselod op/00 3o 3yTip oread o1 swil uo 21m101Ya12d wnisselod jo 3z1s apotred jo 1313y 1 8ra m
Y Y
:
"
'
(susaajw) aiesejydied walssnied o5 ej2jimé sleseay w.
H
e (34 ”" {43 L y ] :
] 11 L T, [ ) "
<l
4
: et
< ;
x 10 w., 4
X
~ . 3 ”
0] b :
\G Tl &~ .
X 1995 000°08 \ * x
c} jeany oty \ ¢ % L
3 ’
\ .nN.. i
o= L
:
»n
* “\ -
<4 s
-9 ]
3
w
s J, : )
s
!
»
N
3
T
. m. X
e e s
. - . . . . b -
7 "
4
4
Y T A B Al AV oo LA L Ranimat Py Easanracoms By ™ T pe—— Ty i T T W TeRY "y e
e e
— e - ﬂ“‘ g - o /1‘ eI
4 B g agp; T a ” 1* T e <) * hae 2




SR NSRRI fov oo ot TR
J 3
¢ %
(suoriw ¢ :az1s 3d>twed wnulwne >3eisae) suonisodwod .
snutwnlz/33e3oysrod umisseiod g} /09 Jo Lrsualor s yead yo sesoydiad umisselod jo szis apotired jo vayg z %y 3
b
y
- (susidw) siosejyried wajssnied exis o)d1i10d s8sieay m
’” " oz ”n u s, 4 o
7 T T 7 T T T ¢
%
J
- :
i |
& ) )
X 499) 000'08 -4 SR
SN
® jeas] neg “. . - " W. m
I 3 b
x
/ ] :
i
/ -1 9z ul w
d s
3
\ s .
\ IR :
\\ | |
\G S ,
w
i
3
£
. LORTEELY. SN
£ 4/
e - vy = ———_—C - * re—— ot s g




&-

o R !

3

.

H
(suomtw 0°¢ :9z1s 2po13red wnutwnie 2Fe3v4ak) suonrsodwos

whuiumie /33e30[Y312d wnrsseiod 0F/09 jo (xew %) 491 1e1daiuy uo 23esoyarad wnisselod yo azis s1oned jo dajyg

(swes31w) oias0[yrsed wnjsssiod oT;. #30d eloisay

S AR

k 14 124 oz L4 4] b 4
T ¥ ¥ T T 7 T
p— 7
x
X ey 00008 X
o} 1sae) seg -
-
-

ot

on

00T

€%y

19

SPO3eneipues (01 x (e %) wliy [si8eiyy

TR R STy

SEIEI ORI

o3

4 8, T

o~ 0y

i




(suceoru (¢ 2z1s 212132ed wnutumpe 2Teivae) suvoitsodwod umurwrie
/?3etoqydsad umisseiod 0p/09 o (arw %) vorsstwa 3y 3o © onemp vo 7 +30[yd1ad wnrsseaed jo azis 1=nsed Jo 15035y

(sucs2jw) 8ioserydicd wnjrsoiod ex1s e)3jisod e3sieay

-

5t v oz " 143 3
H

¥ Jed

¥ ] I T T

I sees CLG"IR

w O 1o0n) osg ]

{(spusdenyjjrs) uersupe 1By o vetiemg

AN

20

v Tor v L ™ L) CR SR AL S S A R R A 2
1ty 2 oS T o Kool natils . e Ao M Lt SR A ML B R

Vg PN A N

e Lol .

PR Qe T 0705 w0 G

O e e R

AT T T R IERTTIN

Ty

R A s

T

- s

Fotonsfticn

- g sy,




»

(svoadww o°¢ 3215 d>1ed unuiwnie 28e3aaz) suontscdwoa

amutwnje/aie3ojys3ad umisseiod gy /09 jo (xew %) Loua1arjja snoutum| vo arelofyd3ad wmisseiod jo 2215 SpPhred jo WIyY ¢ 213
- {suoisiw) eissejydied wnrsseisd o3 0)31i9d sheseay
1 b ot ”" 4} ) v
4 ¥ ] ¥ i i }

-4 0
i
H
X ies 0008 =X T
o) oasj eos S RE:
&
4l
X te
/ W
- -
. y s
s
i
. - s M
3
-0 o *
(/ 493

/0 414

“ 9

AT N b o e oMo -

2}

- n ————

sk




A1quassy Jurpro] asev) 3¥reyd 9 913

LYW - = Wow DI T

Auwuﬂ«» )

} SR~ O 2 SV TX Patas JHEIDY Dt PAIMAS WIS WIGONS " DNIZH ISVD BIWHI QL ATONICIY DRICYOY AFLIXD FaVIZISP
CTHROD THLINVISENS OIACORATY &0 "sar "DNIECLL 1S "D VAL WNIS WISl SO LI SIS FHIT-ONS GINS1s A OINIWCTLID V.o
(@ 710N JI5] S IOWOF WSV IOV 4O S1VFI QUL IOTAIY Nita TvO?~§

Ko "= BET Ot~ 0t D VS @ N\W(w ntDWu:\ SFOF JUS IINLIOWT ITrI v RUArFO WIS AT WHISTVIOS

Q\\kov T » MUCW) SOONI £ FOX IS FIMLOrT FOVRINW oW Mnwr? IV OF T ovdsy
=IACULISCrIO) Ny VIO T
‘FIACYy OIFT DN I5ost <)

S e T e
= ..l__ 3 T . 5] —TE -
= e : - —
Ly DU 2 LG L%I“Q ou)\gﬂﬁ \\IIII R -3 -ll .ﬂh.uﬂwu.m =

m SJHOD IONYNGHO ISVO FOAO 2 e pumg —— . e r— C3 7N
? e T e T e
S E£QSLOI-IX ON L&V
a
[+]
(2]

22

i - IiOY
1
» LESLOI~IX ATENNISSY
i SITVOT AP TIT~
1 \
“ xrew Pn«“—
N *
i
i
’ )
% .
TS -TIX IVIVAD IFSVD
m ok e FINn SO B AT D
|t AoAr TIWONT FIow] & P T Yy
A3 e s o Tion] v gy s
=t —— = e s =
) Hﬂll'l.mmhllu‘llﬁluﬂlhﬁ“u
?

§

/

,_

!

1

'

— - Ex ‘!.\&.. - }u@iv;.‘ o

! T = A hie

TR

g iaage. vk donb e WGt ]

A




¢ —— e ittt

(dnoid 157 - §pU3Iq wnuwn{es /333014232d wnisseiod 0y /09) 2pMINE ySry paie[nwis pue [2A3[ 8IS W $9AMI ANSUIIVIQWIEL L9
v
{suoidw T9PL) wnutwnle svmed/(sucidw o) slosepydied wnisseicd suyyg
-~ - oY amna
..ld..l‘.. ..QQ'..O... ‘l.‘....’.'...'n.‘l..l...
199 £30°08 joas) sog
L)
o~
(susidjm £]-0) wouwnl® osups/(sucidqu n-0) sio0)yded wnpssnjed sv) g
PSS ,1
ise} 000°08 easy oog
-.ooooo..ooo.oo.oo.o.....coooooo.ooc.. TEXEKER AR A -ocooooooo.ooo.-..o..o.o-oa.ooo
- - - M WK - e S

e

e T W

ST T

v

R I A ko

A

4




————ge -

—— ——— — —_—— - -

dno3® puz . spuajq wnujwnje/amo(ysad waisseiod gp/09) opne YIry patpmuwis ptie [943] BIS I8 $IAMI AIISUVTSWLL g T3
( pug - spuaiq wnuunje/ ! /! Py oy parem pue [343]

(vuoinjw Qp-g) Wnuwn|D Wnipew /(sucsdjw CZ-0) SmsejyIzed wnleepiod wnlpew

- T~
S8 208 000000000080 0sc00s 2000000 COROCQOSIPOSEOISCROETPCY

issf 20008 . |9A8] peg

{suoidjw 21+0) wavjwalp su)j/(susidjw £Z-0) sinsejydied wnissoiod wn|pey

18a0) Deg

18§ 000°08

06 O 00000 GO C TIPS OOO OIS OIS OSOSNOIOIOSIS

s e

24

" (e i i LA L A LR A £ KYR QN AR A I O o1 S At L) E Ao iAE RS bk i et ~iae 2 A o b 420 o o1 TR e ey T ~ ~rY T ™t

MR R R NN B | b ol s 3R P (1t e iy 63

e —— =

y

v e P gy, g,

i e s ad




(dnos? pig - spus]q wnurume /3e30[y213d umisseiod gf/09) SprInfe YIry pase[nwls pue [323] €IS IE $IAIMD Lsvaur-owny,

(suoid(w TO-pZ) Wwaujwn|p ssmed/(sueid[w $§-9) Siniojydied wnissaied etioe)

—_

~ vV

00 200 000000008 0S V00Y

N e e i s 4 ke Soht o

6 %13

1085 00008 jea0) aog ¢
4
3]
. 4
4
(suoidgw 21-0) jwnje cuyp/( 1w $8-9) 9i0s0jy2:0d wniss0iod es00)
|
o~
N o
3
]
m,
¢
¢
3
|
'....I..0000.'....0........'.... ﬁ
994 000°08 -
. |9Ae] oog W
!
, .
0 000060000000 000 0000000000000 0CS i
AN
e
m
mA
. - U
AV Y IS LS
- < =) R
oy ur‘;\‘ﬁf % e — — N P

-

W e e~ e -




.
- v A - ——— A o

PN

Fr

N -

o et -

L

hy

DISTRIBUTION LiSY

Copy No.

Commanding Officer

Picatinny Arseaal

ATTN: 1echnical Information Section 1- 5
Dover, N. J.

Chief of Ordnance
Dept of the Army
ATTN: ORDTS
ORDIM
ORDTB
ORDTU
Washington 25, D. G

O 00 N O

Commanding General

OSWAC

Picatinny Arsenal

ATTN: ORDSW-W 10
ORDSW-A 11

Dover, N. J.

Plastics Technical Evaluation Center

Picatinny Arsenal

ATTN: Director 12-13
Dover, N. J.

Armed Services Technical Information Agency
Aclington Hall Station )
Arlington 12, Virginia 14-23

Commanding General

Ordnance Ammunition Command

ATTN: ORDLY-ARAC 24
Joliet, Illinois

Commanding Geaeral

Aberdeen Proving Ground

ATTN: Technical Library, ORDBG-LN 25- 26
Maryland

26




oL L

R
vl

AR S O - T

wp o

Bureau of Naval Weapons
Dept of the Navy

ATTN: Section Re2c
Washington 25, D. C.

Commander

Naval Ordnance Laboratory
ATTN: Library

White Oak

Silver Spring, Maryland

Commander

U. S. Naval Proving Ground
ATTN: OMI

Dahlgren, Virginia

Commander

U. S. Naval Ordnance Test Station
Inyokern, P. O. China Lake
California

Los Alamos Scientitic Laboratory
Los Alamos, New Mexico

Commanding Officer

Frankford Arsenal

ATTN: Library Branch, 0270, Bldg 40
Bridge & Tacony Sts.

Rhiladelphia 37, Pa.

Commanding General
Wright Air Development Division
Wright-Patterson Air Force Base
Ohio )

Air Research and Development Command Hgq
P. O. Box 1395
Baltimore, Maryland

27

ATV N e TE IR PR, IR
o T R B o T = iy -
. - .
it ¢

27

28

29

30

31

32-33

34

35

R YT, R AERTSRTT I AT

= ——




B s I P N
o ‘.‘.u

S e

v-\il

s L

RO LI AL B Y P T

i

Army Research Office (Ducham)
Box CM, Duke Station
Durham, North Carolina

Director of Research and Development
Dept of the Air Force

HGC USAF, DCS/D

%ashington 25, D. C.

Coamanding Officer

Holloman Air Development Center
Holloman Air Force Base
Alamogordo, New Mexico

Hq. Air Proving Ground Command
Directorate of Armament, DCS/D
Eglin Air Force Base

Florida

Commanding Officer
Radford Arsenal
Radford, Virginia

British Joint Services Mission
Ministry of Supply Staff
ATTN: Reports Officer

1800 K Street, NW
Yashington, D. C.

Commanding General

Army Chemical Center

ATTN: Chemical and Radiological Lab
Maryland

Commanding Officer
Jowa Ordnance Plant
ATTN: ORDCW-CO
Burlington, lowa

L B gt T e A SN DR M G A S

s g e

36

37

38

39

40

41

42

43

RRE U U P . RV  CLL



G e At ST et N

'

S

) st
Ny

L et

Bureaun of Naval Weapons
Dept of the Navy
Washington 25, D. C.

Canadian Armament Research & Development Establishment

P. 0. Box 1427
Guebec, P. O. Canada

Commanding Officer
Indiana Arsenal
Charlestown, ladiara

Jet Propulsion Laboratory
California Institute of Technology
4800 Qak Grove Drive

Pasadena 3, California

Commanding Officer
U. S. Naval Propellant Plant
Indian Head, Maryland

Royal Ordnance Factory

ATTN: Chemist in Charge,
Chemical Inspectorate

Bishopton, Renfrewshire, Scotland

Solid Propellant Information Agency
Applied Physics Laboratory

The Johas Hopkins University
Silver Spring. Maryland

Office
Assistant Secretary of Defense
Pentagon Building
ATTNR: Director,
Standardization Division, OASD (S&L)
Washington 25, D. C.

29

eSS I
*_wu-ﬁ

L e

44

45

46

47

48

49

50

51




PR

f\v’w .

Commanding Officer
Diamond Ordnance Fuze Laboratories

. ATTN: Technical Reference Section
Connecticut Ave., at Van Ness St., NW

Washington 25, D. C.

30

o

T e L

= e et e e ST & YN0, KD P SO T o LI -
~ « VT IR TN et » o Nl ® A lagis




4

i BRI X A bl b A2 T oo kot

WS ‘a/eY
Aitsounwn}

S21UY 593034 J
wnutwnly

91e30[yd12d WwnissTi10]
5z1s 2121130

SWYHILINN

LZ0-10-y0$ (034 V(] *Al
VRIS 1170866 SWO °INl
20 ‘suaey '

‘I Inowkag ‘24uy )

Mmsopaiad umin Km0 'y
onsngua )y

-~ w1apmod wnunungy g
SHINIANINY )

- watuy»NIh g 2
Va1 dNpING

- KWIN0IL (] ]

AR RN N RN NN N N RN NN

RCRGLLR
Aitsouium’
£21UYd3034]
wnuumy

PIMOIY3d wnssSMo |
a2y M|

SHYILINN

L20-10-405 {03d VA Al
YRHSTTTOLLL sINO T
panf tsyavgg
W OInowdayg eLuy |
RO WAIREMO] *p
:3:...:~._-3“v
—~ grapmod wnutumiy 'f
SEIUIATIDAIY
~— 521uYa233054f '
g advjing
—~ §21uy233018 (§ *|

L et e GRS IOY "

(3340}

"nad
000'0R JO 2PA3iije PAIV[NWIS W PUP [IA3] BIR 3w »u_“n_uu“
-dwiryd £1isoutwny] Joj pa1s3al put ‘sased dpinred uely
snse|d oy paprof ‘suonisoduiod wnulwnie /aeiopd3ad

wnisseiod QF /09 Ul PRPUIq 2394 ‘Su0idEIf IFIC0I pue
‘wagpaw ‘auy; o pAYYISSE]d A[[EIdISWWOS ‘S33pmod umuy
-1Lnjv paziwoie pue deloydad wnisseiod 2a3isqng

, 1roday pagissedun

Y86 T1'0€$S SO *£20-10-70¢ fo1d v *sa2mTy 's21qm
tdd 0€ *1OG6] IPQWINON ‘pP-HL-TH g 330day edtuyday
sjiiol |sof ‘oY ‘W inowdog

NOILISOdWOD

HSYTd WNNIWNTY/3LYHOTHIOY I WNISSYLOd 0F /09
40 SO{LSI¥ILIOVUVYHD IDONYWHOIYId 2HL NO
3218 37121LYvd LKYQIXO GNY N3N4 40 103443

of N f19a0() f[ruasiy dusnvord
SARONIOQUT] YIITAIRIY urunfa g
TON UOIRSAIIY ~= TS m 1y

XA N A A R A RN NN R RE ]

[EETYS)]

RELY)
000'0R §O IPMINN PAIVINIIE 1 PUY [IAI] VIR IV RKINKDIN
duivyd Lisoutwn] 3oy pazsa puw 'sastd ATpInICd vl
anse[d ot pepun] 'suopisodwod whutwnie /L1013

dmreseod gy /00 Ul vuvcuwz 210m 'SUONIdTIL 3$IBOD puc
‘umipaur 'auj oui panIssea Ajjeidisuwod Sidpaod wnu
-rune paznnoye puv arioya1ad umissviod aad1s.qng
uoday patjiseueouf)
WL ETNECL SO 'L20-1C-R0S 102d vl tsamYly ‘saiqws
i3

Sdd op 'I9GT $3WAAON FimilL =TI Woday qeatuyaag
S|4ioH jev| ‘wADY ‘W inomiug

I R E AN E R RN

WS ke y
Aitsouwun ]
$21uY>21034
umulwnly

es0fyd32d wnisseiodg
azis apdurey

SWYILINA

£Z0-10-¥0¢$ fo3d ¥ "Al
V8$S T1°0€$S SWO "1
130( *spiey ]
iy mowfag ‘adey |
2vI0jY232d umisseio  *y
USSR
~- $33pmod wnununly °g¢
$43U2A11034)7
- 83UY22I01K¢] 2
vae A3ryng
- F21uy221034} ']

IERA LA RNANENNEERE NN TR LS N AR

SV 00 VOBV B 40T AT LI IVIEIOIERIIVISIIILIOARIIta ¢

-—4 ..I- -bh‘x
Lisouiwn’]
$o14223014
wnylumiy

WO IId WNRIEIPIO]
az1s dP1NILY

SHY3LINN

£20-10-40¢ foid v *Al
Y889 11°0€$S SO 1t
{oof st i

I mowdag *aLry |

A et M LN
(3940)

*392)
000°08 JO APMIN[Y PIT[AWIR 8 DU [IAI] PI I¥ KON
<oTryd Lisoutunt Joj PRSI pur 'RIsT IVpuIEd vty
susvid o papeoj ‘suontsoduiod wavtum(e, 3oy d3ad
wnisseiod Op, 09 U1 PIPUI[Q 233m ‘SUOIHIORNI] ISITOS puT
‘wnipaw *aul) ol PIYYISSTID L[[PIdIawwod ‘ssopmod wnu
-qunje paziwoese pue iecydd umisseiod 2aasqng

330day patjrssrduf

V855 11°0€5S SINO *2£Z0-10-40$ 034 vl *samiiy ‘saqqes
*dd 0¢ ‘1961 39qwaaoN 'Yyr-y.L-THd 1oday [eotuyd3]

s110) joor ‘sdoy W Jnswihog

NOIL{SOdWECD

HSY T4 WANIWNIY/3LVHOTHOUI S WNISSYLO OF 09
40 $SOILSIY3LOVYVYHD 3DONYWHO4¥Id 3HL NO
221 371D118Yd LNYOIX0 QNY 11314 20 133443

of N tIoang] tpruasy Auune s
!b_—::.:Xu-..— (asrasay urusyg |
T OrON UOISSADDY (y

(1aA0)

129}
QOO'OH JO 3PRINR PRAIVINF P DU [IAI] NIK P RINRUN
SuIryd £3oulwng 10§ paINay puw frasr, SNpIAND vy
susweid oy paproj ‘suonsodod wrnunge oy idd
wnisseiod O /09 U] POPUALG 233 ‘SUONDTI) ISIPOD pur
‘wnipaw *auly 03uE PIIJISST]D £l rirsswwiod *S1apmod uing
-un|E paziwow pur Aeofdiad wnisveiod At qng
::.nbz ProtjtaniIt(]
WHSS 1 1T0E$S SO *LZ0-F0-Y08 101] y() *¥ndyy ‘o
'dd 0% *19G] $2qWAAON ‘Y-S g poday [ratuyaag
sStuo)y |oof ‘edoY ‘W incwiaeg

48 000 V00 0 V0 09 ¢ ¢9 U0 0t ot eeRO IR PIR iR tePvntPdtas

[(EEXEERELREE PRR PR
9

P

crsesassNrany

seen s
e TN T W

(S5

tees e

PR R R R Ry RN R R TR RN Y

.
L]
.
:
.
o
.
!
:
.
:
.
:
'
:
M
.
]
NOILISOdWOD & . NOILISOJWOD 1
HSY14 WANIWNTY/3LYE0THIU3d WRISSYLOd Op/09 3 230I00Yaiad umisimiod °y  HSyTd WANIWAIY/3LVHOTHIUId WNISSYLOd 0709 .
40 SOILSINILOVHVHD JONVHUO0I¥Id BHLNO 1 _ FORSPATS 40 $21LS1¥ILIYYVHD IONYWYOI¥3d 3HL NO
321S 371214 4vd LNYAIX0 CNY 73N 40 103443 ¢ AL 321S 3710113 vd INYAIXO GRY 13nd 40 153343
of *N ‘13a0(] ‘Jruassy Auunivoilcd . P Juhu.«%; . of °N ‘23a0(] *jvuassy Auune g
£I110IPIOYET] YOIvISAY UrwfI g . eare usu._xgn d SILI0ITITT] YIITINIY uvun|d g
*ON UOISS2DDY ay m - uuu._zuouowa& 1 CON UOISSADdY " T T T (jy y
P INIPUON "0 T EIPRNVIADP 00U r QP v 0000 eqs 00090 s0R ety o”’coc.oooo-.a.c PEI P S eIV REN T IV OGO T VGOV L PP PO IO PIO N eI PP I OPP O P o
m .
: : S,
’ 4
) 3
]
h ) ’ - - - - N T
]
T i - (=] —— : 1:'” e u——

- v




.
.
.
.
.
.
.
.
.
[}
.
»
.
.
.
.
.
.
.
.
.
.
-
-

R LB AT T S e

e

B b1 S I EN0 U RS AP0 QIR IG LB IEACO V000NN GISNNEPIET” P4 stev200000 *e0OS IO 080 "300080 000000 -.os.-ootvco.cc.it.-.oo-ooaoocco.u.-o..o
3 - [l
*3duruzogzad 19p30 Y3y 10§ Ares : *aouews0}32d 33p10 Yy 103 Asvs .
-8353U S UOIIDTJ] WNUIWNA[E 2Ulj T JO Sk "PIIIPISUOD 4 -£933U $1 UNIIDTI} WNUIWM[E JUT} € JO Isn ‘pPIIIPISuod :
saJurs o715 o1o13red Y210 *S{sa3] 2[qe3sn mojaq 01 ind . safurs 271s 3[o135ed oYyl 30 S[IAI] J[qUISH MO]3q O3 nd .
-0 d1] 943 sapeidap umviwnje (BOIIW 79-§7) S5IT0D . -ino 1yF1] Y3 sapri¥ap unviun(e (uosdnu 79-py) 870D .
3o (ucidw Qp-h°g) umipaw jo 3sa ‘23ues 3215 ELIONYD M 30 (uo3dtw Oy-p°E) WNIpIW Jo Isn sadurs d21s IVIOND .
. -13d wnisseiod jo judpuddapul ‘aeys PIPN[OU0d Sem 1] M -12d umisseiod jo juapuadapul ‘1cyl PIPN{OUOD Sva 3] .
*29praamo velry 2y3 vl yFi2m 3dwes 123239 L(jenuess R *a9puired uesry A4 ut yT1am afdwes 12T L[enuess .
-qns ur Jur[nsas ‘voildel) JUTrPIXO ISITOD Yl ;O L115u2p . -qns vt Junmsas ‘uorIdTI} IUTPIXO0 IS0 dy) o Lisuap H
°r - padde) 1210239 243 01 pangunv sem Jurputy sig g, g K paddry 3a3ra39 dy1 03 PamMQIINT sTm Furpury SIYY RUESI .
. jradaur pur yead 1saydiy Y3 padnposd voidwsj suep . [e3921u1 pur yrad ssaydug dys paonpoid Lo I NP M
~ = =IX0 DSIVOD ANIYIIM CO_:WO&EOU 243 -uU>U.$°£ .—U>U— ©as u 1X0 2$3v0D Yy yim CQ_:ISL—:OQ M9 ‘313a3m04 1243} vas M
1wy capmanfe ydiy v Ajsejwis patrea Wi [va¥aur pue . 1y *apnanfe Yy v Apncpus paura w¥ig qrafau pue .
. qrad oyy ‘eiauad uy ‘31933 000°08 pUT (2421 BIS Yioq 3e . ! yuad oY) *[e12udy uf 1995 Q000§ PUT [IAI] FIS PO v .
& (weiF /spuodsajpued) £oud1d1j)2 pIseIdur 3z1s d[dnred . wesd /SPuosaca[pued) £3udEd13)~ PANTIIOUL d21< Idonnd :
= L20-10~ (o3 3uepixo ay3 Suisea1dap pur (Voladelj 2ulj) UNISUOD IZis 3 wep1xo Y1 FuISTII4IP PUY F01IO1I) AU1) U INUOD 218 :
A ! .vc.n 0% <<Q apstuvrd umununge Yy Jugrauiely *suonvdsjdde d1uysan o £20-10-40S {03 vQ | 2ponsed wnuum(r ay3 Jutwnuiviy csuoneardide sy .
3 ¥85S°T11°0(5S SWO -014d 305 WF1] yFnoud PaIWI Youym swaisks Ljuo ay3 : ¥8$$°11°0£5S SO -034d 10 1] YINOUS PINWI YIIYm SwIsas Kuo Ay :
MM [ 'SUIRH | 530m (uosaww £ [-0) wasIwAE Sut) Yaim 3oy3ad0r IwIo(yd . f *surelf | a1am (osdyw £ 1-0) Whulwn(v Sur) Yiim 1aoF0) Aoy :
& -12d wnisseiod (vosoiw 3sIvos pue ‘(uoIdtw ¢€7-0) : 12J wrisseiod (VoW (¥<)) It pur ‘(yordnu ¢ Z-0) .
%._ SWYILINN wnipaw ‘(uoIdius AN_'QV ucw_w* .Wmc_ﬁccuvm_:u“..ﬁhn omomw.o m SWYILINN wnipdw (uoIdiw Z1-0) ufw mcmc__.ucau_:._cuixa asoy .
X : . :
* Toeas v VLG ERSE PPN Y IR EREN AN RN NN N eev e IR RN NN e --d‘o-.-.-lt“-.cl'.l‘v.."‘.h‘-.0..‘-...-..t.i.o.l..o.-n--0.-1...0.'..-....".OQOIQQ..OOQN-ll.'-
: .
*asurvwioysad 3apio Yy 10} Lvs . *3s5uvwio}sad 1apio ydiy Joj Live .
) -§3038 §] UONIDLI} WNUIWN]E AUlj P JO 3sn ‘paISpISU0d M -£253U ¥} UOIIOFTI} WRUUML UL} ¥ JO I¢n ‘pIJApPISLOD .
_ safuviozis 3[o1sed 31 304 "S{PAI] 2[qEIsn mo}3q 01 ind : <2Fue1 3Z1s 3(d13sed Y3 104 *S[IA] I[QUISn MD[24 03 Ind :
-ino wyd1p ays sapesfap umutwnje (Uo1d1w 79-p7) IsIL0D H -ino 1] ays sapesFap wnununje (B01oNw TY-§7) IsIvod .
P 10 (Uoidiul Gy-)°g) umipaw jo asn ‘aFues 3715 2ITIONYD . 30 (UOId1W QY- ) WNipow jo Isn *aWuws 718 «1vI0YD :
¥ «2d umisseiod jo wapuadaput ey pIpndouod StM 3f . * ~3d wnisseiod jo 3uapu3dapul 1ryl pIPNIOUNd sem 3 .
. *28ppury urary 2y3 ul yT1dm 3jdwes 10wud {[[rnuels M *agptnsed ueir] 3y up yF1am apdwrs saie ¥ Ajenueas :
. -qns ur FuIlns a3 ‘uonidelj JuEpIXo ISIL0d Ay jo Lsudp : -qns ur Jungnsas ‘uondrIj WEPIX0 ISITHI Y] JO Assuap :
; padde) 133u219 ay3 o1 painqiine sva Juipuy S Ty . paddrl 1330239 243 03 painqune sem Jutpuly s1g g Yy .
jeidour pur yrad asaydy sy pasapoid uondriy wrp . jri9a1u pue yrad 3sayNiy aya padnpord yonoviy wrp :
N =1X0 asvod RURRIRILS COWJIOL—CGU a3 .ah)b?bz .—b)b—. Tos . FiXO Isrrod 24l yitwm Comumrc._:,:v.v ays .~U>03:_- .—U>U~ a8 N
Wy cepmane ydiy v Kpaepiwis patses Ny qriv¥asug pue 2 3y capnanr gy v L e prus pane s ayNg e pue :
yead oy {riauad ul *31323 000°08 PUT [2A3[ vIL Yog 1 * qrad ays ‘[eIauad ul *3133] 000' 08 PUY [3AI] ¥as ioq W -
. (w3l /Spuoadsafpurd) A2ud1d1j§d pasrasour 2215 2dund . (wesd, SPUOdISI[PULI) KoUdID1}Ed PISEIIDUL IZIS aponsed .
wrepixo 3 Huisraidap pur (UONIDPIf SuUlY) WUTISUOD 271S M suepixo ays FuisrTaidap puv (UOIIOP.] IUT]) JUTISVOD VIS N
} L70-10-v05 (03] V(I apdnsnd wangwinge ays Syl ssuoneaijdde Jtuyaa : £20-10-V0S 103 v(I apanrd waununr ay3 Juruivuvyy suonvorpdde duy 1) .
<:mr.:.cmwn SKO) ~opAd 30) WA pEnoud Panned argm swAss LS AQuo g . <mwn.:.0m.wn»n7: “a34d 305w gYNoUD panim M Sws A L[uo oy .
of Ywpssuyg | 2ToM (norw [=0) wnum e A w 1aq1a%or Ariofyd M f .ﬁw:.: d1am (UOIdI [ {-0) wnunun(e vty yitw jaiadoy v o M
=33 .__.._7::::_ (U0 (g=)) assro? pur ‘(Bosonu €C-0) . ) =32 WIS 10 (WOLII (H-)) 331D pun ‘(valrnn §7-()) .
% SHYILINN WH P (U0 7] .0) T IO Y S gnds S0l | 0 SHEILINND wnIpaw Yuogdm 21-0) Quij Autnivine) st ads avoy g M
4 .

. . R R
GG OB T CAE I IRANE, FE IR R i s hemiaat T P VLIRS TINTN




